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WELLBORE CASING 
Ctobh Reference To Related Applications 
This application claims the benefit of the fiTmg date of U.S. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which ia incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbare casings, and in particular to 
weDbore casings that are formed using **p»Tni«Kio tubing. 

Conventionally, when a wellbare is created, a number of casings are 
5 installed in the borehole to prevent coD^eo (rf the borehole wall and to prevent 
undented oatfW of drillmglh^ 
formation into the borehole. The borehole is drilled 

whichiato be installed inalower borehole interval is low^throughapreviouaty 
installed casing of an upper borehole interval As a consequence of this procedure 

10 the casing of the lower interval is of smaller diameter than the casing of the upper 
intervaL Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cwnen t mmuli are provided between the outer 
surfaces of the casings and the borehole waO to eeel the casings from the borehole 
walL As a consequence of this nested arrangement a relatively large borehole 

15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased coata dim tn heavy fqntpmmt, lnrco 

drill bits and increased volumes of driffing fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement p umping , cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weDbore. 

25 Summery of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbare casing is provided that inctadee installing a tubule 



tn the borehole injrctf ncfhif die m*frr™* ^ borehole, and radially expanding 
the liner in the borehole by ertru^ 

According to anoth er aspect of the present invention, a method of forming 
a weUbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. Atubnlarlineraiidamandi^w 
then placed into the new section of the borehole with 

an already existing casing. A hardenable fluidic sealing material is injected into 
an fttinnUr region between the tubular liner and the new section of the borehole. 
The annular region between the tubular liner and the new section of the borehole 
10 is then fluidicly isolated from an interior region of the tubular liner below the 
mandreL A ncn hardenable fhxidic material is then injected into the interior 
region of the tubular liner below the mandreL The tubular hner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing . The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the harden able fluidic sealing 
material is removed from the interior of the tubular hner. The remaining portions 
of the fluidic hardenab le fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 Quid passage. The tubular member is coupled to them The shoe is coupled 
to the tubular liner and includes The first, sec ond and third 

fluid passages are operably coupled. 

According to enotVr aspect of the present invention, an apparatus for 
ex panding a tubular member is provided that inc l udes a support member, an 
80 «rrf»"*«M* mandrel, a tabular mgmber r a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid paasage, and a 
flow control valve coupled to the first and second fluid passages* The expandable 
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mandrel is coupled to the support member and includes a third Quid passa ge. The 
tubular member is coupled to the mandrel and includes one or more sealing 
ele m en ts. The shoe is coupled to the tubular member and includes a fourth fluid 
paasage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than ^ 

member, is provided that includes pos itionin g a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member is pr e ssurize d and the aeomd tubular member is extnided off of 
the mandrel into engagement with the first tabular member. 

According to another aspect of the present invention, a tubular liner is 
provided that includes an annular member having ona or more sealing member s 
16 at an end portion of the annular member 
at an aid portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular line r and an annular body of a cured fluidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that indudes a tubular ln^ 
annular body of cured fhrirtir npnlingTnsteriaL The tubular finer is formed by the 
process of extruding the tubular Knar off of a mandreL The annular body of a 
25 cured fluidk sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member andaahoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahty coupled to the first fluid passage, an interior 
portion, and an exterior portion. Hie interior portion oTthe mandrf is drillable. 
The titfnilar member i^ The shoe is coupled to the ta 
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member. The shoe includes a third fluid passage operably coupled to the second 
fluid passage, m interior portion, and an exterior portion. The interior portion of 
the shoe is (billable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
emb odiment of an apparatus for creating a casin g within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-sectional view illustrating the rejection of a 
first quantity of a hardenable fruidk sealing material into the new section of the 
well borehole. 

FIG* 8a is another fragmentary cruttt-Bgctional view ilhistrating the injection 
of a first quantity of a hardenable ftuidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustratmg the druling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a 1b another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross-sectional fflustratkm of a wellbore including a pair of 



PIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner Turing an expandable tubular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fhridic sealing 
material into the annular region between the tabular me^^ 
casing . 

FIG. lOd is aoiofl8-8tt*ioiialilha^^ interior 
of the tubular member below the mandrel. 
10 FIG. lOe is a ooM-netkmal flmstration of the extrusion of the tubular 
member off of the mandreL 

FIG. 10f isaeroae-eectionalffln^wlam 
out the shoe and packer. 

FIG. lOgisa crosj-aectkmal illustration of the completed tie-back liner 
15 created using an expendible tubular timiaf 

FIG. 1 la ia a fragmentary croas^ectioiial view ilhrstra^ 
new section of a well borehole. 

FIG. lib is afragmentary cross pocticnalviewilhistrgt^tb^placementof 
an embodiment of an apparatus mrhsagingatubularlmerwith^ 
20 of the weU borehole. 

FIG. 11c is a fragmentary cross sad iouid view iltaatratmg the injection of 
a first quantity of ahsrAmsbteltaklk 
well borehole. 

FIG. lid ia a fragmentary ooaMectkm^ viw introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. lie is a fragmentary eroas-sectfcmsl viewfihistratm^ 
a second quantity of a haxdenable fmidm sealing material into tl» mm 
the well borehole. 

FIG. llf is a fragmentary cross^ectional view flmrtrating the completion 
30 of the tabular liner. 
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Detailed Description of the IQnctrative Embodiment* 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then eztniding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tabular member. The apparatus and method further permits adjacent tabular 
nienu^ers in the weDbore to be joined 

and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an existing tabular member by nxpimriing the new 
tubular member into engagement with the prating tubular member. The 
apparatus and method further minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of weHbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further perm 

in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method further permits a new tubular member 

to be supported by an existing tubular member by -fitting the new tubular 

member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 

that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 

permit the interior portions to be removed using a conventional drilling apparatus. 

In this manner, in the event of a malfunction in a downhok region, the apparatus 

may be easily removed. 

An apparatus and method for hMgfag an expandable tubular liner in a 
30 wellbore is also provided. The apparatus and method pcrmft a tubular hner 

attached to an existing section of casing. The apparatus and method further have 

application to the j oining of tubular members in general 
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Referring initially to Figs. 1-5, an embodiment of an apparatus -m^v^ 
lor forming a weflbore casing within a subterranean formation will now be 
described, AaflfaetiatedinPw-l,awellbore 100 is posittoned in a subterranean 
formation 105. Thewellbore 100 inchides an existing au^ 110 having a 

5 tubular casing 1 15 and an annular outer layer of cement 120 . 

In order to extend the weHbore 100 into the aubterranean formation 105, 
a drill string 125 is uaed in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Kg; 2, an apparatus 280 far forming a wellbore casing in 
10 asubtexraneaflfannatkmh^ 

100. The apparatus 200 preferabfr faidndes an expand 
tabular member 210, a shoe 215, a fawCT 

fluid passage 230, a fluH passage 235, afbidpa88agB240 f seab245,andas^ 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member250. The expendable mandrel 205 is preferab^ adapted to controllabfer 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially arvailahto nyn^*^ ~inndrrifi modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the (qp a nriab te man 

disdoaed in US. Patent No. 6,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tabular member210 is mipjxntedty The 
25 tubular member 210 is expanded mt^ 

expandable mandrel 205. The tabular member 210 may be fabricated frun any 
number of convmtioi^ 

Oilfield Country Tubular Goods (OCTQ), 18 chromium steel tubingfcasing, or 
plastic tub i ngfcarin g , In a preferred embodiment, the tabular member 210 is 
30 febrkated from 0<^m order to ma The inner 

aiKl miter diameters of the tabular member 210 may range, for example, from 
approximately0.75to47iiu^ In a preferred 



embod imen t, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15 JS inches and 35 to 16 inches* respectively in order to optimally 
provide informal telescoping effect in the most commonly drilled wellbote sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a pr e fe rr e d embodime nt, the end portion 260 of the tabular member 210 
is slotted, perforated, or otherwise modified to catch 

when it completes the extrusion of tubular member 210. In a pr e ferr ed 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of budding. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal H Do wn^Jet float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an atununum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, IX, modified in 

20 accordance with thft tparhingw of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 215 includes one or more through and 
side outlet ports in fhiidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injects hardenable fmidic eealingmaterial into the 
region outside the shoe 216 and tubular member 2 10. la ■ p-fr f y 1 n™*****™^"*^ 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed offby mtroducmg a plug, dart and/or hall eeaHn g elements 
into the fluid passage 230. 



The lower cup eeal 220 is coupled to and supported by the support member 
250. The tower cud seal 220prgventa ferrfgn materials fr™ fntmngthe interior 
region of the tubular member 210 axtfacent to the expandable mandrel 205. The 
lower cap eeal 220 may comprise any number of conventional commercially 
5 available cop seals such as, for example, TP cups, or Selective Injection P&cker 
(SIP) modified in accordance h 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
from Halliburton Energy 
material and contain a boc^y of lubricant 
10 m upper cup seal 225 is coup^ 
250. The upper oip eeal 225 prevents far^ 

region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as, for exam ple, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the U|^ 

cup, available ftrmx Halliburton Energy Services in Dallaa TXin ord^tn npti™ n Uy 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be tnmsported to and 
from the interior region of the tubular member210 below tha expandable r »pndrfrl 
20 205. The fluid passage 230 is coupled to and poritkmod within the support 
member 250 and the expandable mandrel 206. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel205. ThefluMpa&sagB230iapr*^^ 
the apparatus 200. 
25 The ftaid passage 230 is preferably s 

operation, to tzansport materials sud 

rates and pressures ranging from about 0 to 3,000 gaflomAninute and 0 to 9,000 
psi in order to minimize drag on the tabular member being run and to minimize 
surge pressures exerted on the weUboro whkhcouWcauseakwaofwellborefhn^ 
30 and lead to hole collapse. 

Tfce fluid passage 235 permits 
passage 230. In this manner, during placement cTthe apparatus 2^ 
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new section 130 of the wellbore 100, fluidic materials 256 forced up the fluid 
passage 230 can be released into the wellbore 100 abate the tabular member 210 
thereby minimizing surge pressures on the wellbore section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllaMy 
opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to oontrollably minimim surge pressures. The 
fhiid passage 235 is preferably positioned 

10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaDanahninute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 daring insertion into 
the new section 130 of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

lie fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215, The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fl u id ic 
communication with the interior region of the tubular member 210 below the 

20 expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
ahape that permits aphig, or other similar device, to be placed m 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10. This permits 

25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substa ntial ly 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tabular member 210 and the new sertimi 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball »ealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a phig, dart 
and/or ball sealing elements into the Quid passage 230. 

The seals 2X6 are coupled to and supported by an end portion 260 of the 
5 ti±ularmember210. Tte^ 
of the end portion 260 of the tabular member 210. The aeala 246 permit the 
overlarjping joint between the end portion 270 of the casing 115 and the portion 
260 oftb* tubular memner 210 to be flmoicty The aeala 246 may comprise 

any number of conventional cxjounercaauy available seals such as, for example, 
10 lead, robber, Ttflc^wepo^aeafamcdiMm 

ttepresent disclosure. Ins preferred embodiment, the seals 245 are molded from 
Stratatockepoayawalablelrom 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 

16 In a preferred em b od iment , the seals 245 are selected to optans% provide 

a sufficient frictiona] force to support the expanded tubular member 2 10 fix m the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 Tlu3 support member 250 iacoupWto 

member 210, shoe 216, and seels 220 end 225. The support member 250 
preferabh? comprises sa ammlax n»em 

apparatus 200 into the new section ISO of the wellbore 100. In a preferred 
eim^cdiment, the support niember 250 farther iwdudes one 

25 centraliiers (not Illustrated) to help stahfliaa the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 ia provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In th is manner , the extrusion of the tuboisr member 210 off 
oftheexpandWeiiumdTei20ofe The tabrieant 275 may comprise any 

SO number of conventional comniercially available mbricanta such as, for example, 
Lubriplate, chlorine based hmr^ 

(3100). In a preferred embodiment, the tabricant 275 compriaea Climax 1500 
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Ant&eze (3100) available from Climax LttbricantaapdEqnlpmfmt Co. in Houston, 
TX in order to optimally provide optimum lubrication to fodliate the expansion 
process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions oftheappai^tos 200. In thia manner, 
the introduction of for eign material into the apparatus 200 is minimised This 

™™™ ih* pruaphfltty nrf fhwrign m aifan «1 dofigW thg various flow passage and 

valves of the apparatus 200. 

In ti preferred mW 1 ™** . or prwitirmmg the apparatus 200 
10 within the naw section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
weDbore 100 that might dog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material mterferes with the expansion 
process* 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hard ratable 

fluidic sealing material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 3 10 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the nnnular region 3 15. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/mm, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sixes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped. The optimnm flow rate and operaliDg 

30 using conventional empirical methods. 

The hsrdenabk fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable flnidic sealing materials such as, 
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for example, slag mix, cement or ©poxy. In a preferred embodiment, the 
hardanahb Anodic sealing material 805 comprises & blended cement prepared 
specifically for the i»rtfciilar well sectra 
Services in Dallas, TXin order to provide optimal rapp^ 
5 while also mamtaiimig optimum flowcharBcteristics so as to ininimise difficulties 
during the dtgd scea aent of cement hi the anmdor region 315. The optimum blend 
of the blended cement is preferably determined using conventional empiri cal 
methods. 

The annular region 316 preferably is filled with the material 305 in 
10 sufficient quantnto to ensure 

210»theaimiilarregion816ofthenew 
with material 905. 

In a particularly preferred embodiment, as illustrated in Kg. 3a, the wall 
t hic knes s a nr i / br the outer diameter of the tabular member 210 ia reduced in the 
16 region s4jacent to the mimdirt 

apparatus 200 topositi^ Furthermore, in 

this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the anxmlar region 316 has been adequately 
20 fflled witt material 305,^ 

fluid passage 240 thereby fluidity isolating the interior region 310 from the 
annular region 315. In a preferred embodiment, a nan-hardenable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the expended tulmlar member 2 10 will 
25 not contain rignffirtmt amonotn of cnredmaterial 305. This reduces and simplifies 
the costofthe entire process. Atteraative^theiii^ 
this phase of the process. 

Once the interior region 310 baxm^ 
member 210 is extruded off of the expandable mandrel 805. During the extrusion 
30 procea^tteexpaxidabteiM 

the tabular member 210. In a preferred embodiment, during the extrusion 
process, the xnaiKlrel 205 is raised 
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member 210 is expanded in aider to keep the tubular member 210 stationary 
relative to tbe new wellbore section 130. In an alternative preferred embodiment, 

the extrusion process is comTnpnreri with the tabular member 210 positioned above 
the bottom of the new weUbore section ISO, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. Tbe phlg 405 preferably acts to fhndicly isolate the hardenable fluidk 
10 sealing material so* ft™ the rum hardenahla flnidfc material 806. 

The plug 405 may comprise any number of c onv e nti o n al commercially 
i»v ^fl a Hftvirg* fpftm phigging afhiid passage such as, far example .Multiple 8tajge 
Cementer (MSQ latch-down plug, Omega latch-down ping or three-wiper latch- 
down plug modified in accordance with tte In 

15 a preferred embodiment, to 

from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 3 10 at pressures 
and flow rates ranging, for example, from a|mrominal»ly 400 to 10,000 psi and 30 

20 to 4,000 gsJlanafaup la this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is mmlmlifd. In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into tbe interior region 310 
at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 

25 ft AQfl gyiym Vmin fa gwrigr tn TnaxiTTiirfi the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimis e 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
of the tubular member 210. In general, the thicker the watt thidaiea^ the smaller 



-14- 



the inner diameter, and the greater the yield strengtocftb* tubular meniber 210. 
then the greater the operating pressure, requfari to extrude the tulnjlarineinber 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 off of the nptrrlfthlr mandrel will begin when the pre*™ of the interior region 
310 reaches, for example, approximately 600 to 9,000 pel 

During the extroxkm process, the expandable mandrel 205 may be raised 
oat of the expanded portion of the tubular member 210 at rates ranging, for 
example, from aboutOtoBfVsec. Inaprefarredemboaraer^ 
10 pnw^ the eri>.ndabte mandrel 20^ 
tubular nieniber210at rates raag^ 
^ tmie required for the expansamp 
the expansion process. 

When the end iiortion 260 of the tabular 

16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will la^erabty cnataet the interior sm^ 
portion 270 of the casing 115 to form an fluid tigttowlapping joint The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to20,000pai Inapre&rredemb«hmeiit,thecontart 

20 j^nuigesihmaepproxbM 

pressure to activate the annular seating members 245 and optimally provide 
resistance to arialmotfan to a wrnimoo^ 

Theowlappingjcdnt between the sectwn410of theeristfogcastog 116 and 
the sec^nmofthe expanded tulmlaxmember210m 
26 and fluid* seal Inapartiailarfrpnnerredemr^ 

optunally provide a ftaMk and gsse(^ 

ma preferred embc^iirwnt, the opera^ 
hartenabfofbnoicniaterial306» 

mmmrel 205 reacl^tlie end portions of t^ 
30 nianner, the sudden release of preesure 

tubular rnember210off of th^ expandable n«^ lna 
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preferred embodiment, the operating pressure ** reduced in » substa n tially Hnea^ 
fashion from 100% to about 10% during the end of the oiniskm process 
when the mandrel 205 is within about 6 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fiuidic seal of the 

15 overlapping joint between the upper portion 260 of the tubular member 2 10 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the Guidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the 

20 2 10 is then removed in a conventional manner such as, for example, cirmlatfog the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 206 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably airy rem* ining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 

30 annular layer 515 ofcured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In. a preferred embodiment, as iHostxated is Fig. 6, the upper portion 260 
oftbe tabular member 210 includes one or more aeafog members 605 and one or 
more pressure relief hoki 610. In this manner, the overlapping joint between the 
tower portion 270 of the casing 116 and the upper portion 260 of the tubular 
6 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular manber 210 is eo 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 

10 members 605 are bonded or incdde^ 

260 of the tubular member 210. The pressure relief holes 610 are j/reforably 
positioned inthe last few feet of the tabular member 210. The pressure relief 
holes reduce the operaifog pressures required to expand the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 

16 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity in turn minimizes the mechanical ahock to the 



Referring now to Pig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a casing within a weUboce preferably includes an 
20 expandable mandrel or pig 70S, an expandable «u»~fr»t or pig container 710. a 
tubular member 716, a float shoe 720, a lowercmjsem 726, an upper cup seal 730. 
afhjm passage 735,aihiMpassage740,asapportm 

750, an overshot c onne ction 765, another support member 760, and a stabilizer 
765. 

25 The expandable m a n d r el 705 is coupled to and supported by the support 

mamber745. The expu^le mandrel 7M is furte 

niandrel container 710. The e xpan d able mandrel 705 ia preferably adapted to 
controllably expand in a radial directum. The expandable mandrel 705 may 
comprise inry number of conventional coinniar^^ 
30 modifiedmiicamnmcewito the teaching In a preferred 

embodiment, the expandable inandrd 705 comprises a hydrant 
substantially as disclosed in UA Pat No. 6^48,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teaching* of the 
present disclosure. 

TTie expandab le mandrel container 7 10 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from ■ny number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steely titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
thiVVrw* than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 su bs ta nti all y as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics, in a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p ne feue d embodiment, the tubular member 715 has a substantially 

annular crosa-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular crosfraectian. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tabular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defined by the region beginning in the vicinity of the top of the mandrel 
container 710 end ending with the region in the vicinity of the mandrel 705* The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 and ending at the bottom 826 of the 
6 tubular member 715. 

In a preferred embodiment, the wall th if knew of the upper section 805 of 
the tubular member 7 1 5 is greater than the wall thicknesses of the intermediate 
and lower aectkms 810 and 815 of the t^^ 
facOiatethemitiation 
10 700 to be pasitkmed in locations in 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 715 may range, for exam 
to 2 inches, respectively. In a preferred embodiment to 
thickness of the upper secto 
15 to 16 inches and 3/8 to L5 inches, respective}?. 

The outer dia me ter and wall thickness of the intermecliate aection 810 of the 
tubular member 715 may range, for example, n^m about 2^ to 50 inches and 1/16 
to 1 J> inches, respectively In a preferred embodiment, the outer diameter and 
waU thickness of the intenn^ of the tubular member 715 range 

20 from about 3.5 to 19 inches and 1/B to U26 inches, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2.5 to 50 inches and 1/16 
to L25 inches, respectively. In a preferred embodiment, the outer diameter a n d 
wall t hick nes s of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preform! emhodimpnf,, the wall thickness of the lower aection 815 of the tubular 
member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for ftwmpig y ahnninnm are used. 

The tubular member 715 prefer In 
80 a preferred WTihoftiment, the end p^ 
perforated, OTOtherwiaemodm 

completes the extrusion of tulmls»m«nber71R In a preferred embodiment, the 
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length of the tubular member 7 is ia limited *n Twiniwii tha possibility fyffo^'^g 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 ia coupled to the expandable mandrel 705 and the tabular 
5 member 715. The shoe 720 includes the fluid passage 740. In a p re fer red 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularity preferred embodim e n t , the cross-sectional shap e 
of the inlet passage 830 ia adapted to receive a latch-down dart, or other aunflar 
dements, for Mocking the inlet passage 830. The interior of the shoe 720 

10 preferably include s a body of solid material 840 for increasing the strength of the 
shoe 720. In a particularly preferred emb^^ 
comprises aluminum. 

The shoe 720 may comprise any number of conventional c omm erria Hy 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down phig modified to. accordance with the 
teachings of the present disclosure. In a p r eferre d embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 716 in the weHbore, optimize the seal between the 
tubular member 7 IS and an existing wallhore caamg, and nprtftwaHy fadliate t K » 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expendable mandrel 706. The lower 
cup seal 725 may comprise aiy number of ^ 

seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified fr» Atwm\ m nm^tth the teachings of the present disclosure In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 
30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup aeal 730 is coupled to and supported by the support member 
760. Tte upper cup seal 730 prevents foreign mate^ 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional rrnnmercialb/ available cup seals unch m, fm- ^.np^ TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the preseiitdiaclosure. Inap>elerredembo<hinent, the upper cup seal 
730 comprises a SIP cup available from HalmWton Energy Services m Dallas, TX 
in order to optimally provide a debris barrier and contam a body of hibricanL 
The fluid passage 735 permits flnidic materials to be transported to and 
10 from the interior region of the tubular inambar 71fi hrim> th> g^^^UM. 
706. The fluid paasage 735 is ftaic^ coupled toto 

The fluid 

paa^TSSispreferabfrcoupk^toandp^ 

760, the support member 746, the mandrel container 710, and the expan dable 
mi»ndrel705. The flirid passage 735 preferabh/ex^^ 
16 to the surface to the bottom of the wrpwn rfable mandrel 705. The fluid passage 73S 
is preferably positioned along a centeriine of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cemeiit, drilling mud or 
epories at flow rates and pressures ranging from about40to3,0()OgallonBAninute 
and 600 to 9,000 jxri in order to provide sufficient operatbg pressures to extrude 
20 the tubular member 715 off of tbc expandable niandrel 70S 

As describ ed above with reference to Pigs. 1-6, during placement of the 
apparatua 700 within a new section of a wdlbore, fhildic materials forced up the 
fluid passage 735 can be released into the weDbore above the fc&ularinember 716. 
In a preferred embodiment, the apparatus 700 ferthsrmchules a preasure release 
25 passage that is coupled to and positioned wit^ The 
pressure release passage is further mddicty coupled to tlie fluid paasage 735. The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
gslve is pressure activated in order to coaifaollabhjmimmire amy pre ssures, The 
30 pressure releaae passage is preferahfy 

centeriine of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such aaaenMBt,^^m g ^4 OTtp ^ CT ^ flcnrintC0 
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and pressures ranging from about 0 to 500 galkmsfaunute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 (hiring inacrtian into a new aection 
of a wellbore and to p^fr"™ surge pressures on the new weDbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
6 from the region exterior to the tubular member 715. The fluid passage 740 is 
pr^Ar»hly rrmpWi to and pogirinnfid within the shoe 720 in fluidic crmimunkation 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
ping, ox other amular device, 

10 to thereby block further passage of flnidic materials. In this manner, the faaterior 
region of the tubular member 715 below the expendable mandrel 705 can be 
optimally fluidicfr isolated from the region exterior to the tubular member 7 15. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centeriine of the apparatus 700. The fhiid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epozies at flow rates and 
pressures ranging from about 0 to 3,000 gaUoiWrninute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 aection of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by mtroduong a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a piefei led embodiment, the apparatus 700 further m ch irif tft one or more 

seals 846 coupled to and supported by the end portion 820 of the tubular niembcr 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidity sealed. The seals 845 may comprise any 
number of conventional commercially available seals such aa, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment* the seals 845 comprise seals 
molded from StxetaLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal I 
715. 

Inapreierrtdembodim 
frictions! force to support the expanded tabular member 716 from the existing 
casing. In a prefeixed emballms^ 
10 ranges from shout 1,000 to 1,000,000 Ibf in order to optimally support the 
exp a nd e d tabular member 716. 

The support member 745 is preferably cooplcd to tim expandable mrotfrri 
705 and the overshot connection 765. The support member 745 preferably 
comprises an annular member having suffidoit strength to 

16 700 into a new section of i wellborn The support member 745 may comprise any 
nnmber of conventional commercially available support members such as, for 
example, steel drill pipe, coikd tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support inember 745 comprises cojiven^ 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of hibricant 760 is provided in the 
emwlar region shove the expandable mandrel container 710 within the interior of 
the tubular inember 715. Inthismamiax^theextnisiono^ 
off of the expandable mandrel 705 is facilitated. The hibricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
^anipie, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antisiese (3100). In a preferred embaiiment, the lubricant 750 comprises 
Climax 1500 Antiudeze (8100) available from HslKburton Energy Services in 
Houston, TX in order to cmtimaUy provide lubrication to fadliate the extrusion 

30 process. 

The overshot connection 755 is cotipled to the supped member 745 and the 
support member 760. The overshot connection 755 pxeferab^permitsthesupport 
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member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional ccmmerriaUy available 
overshot connections such as, for example, Inneratring Sealing Adapter, 
Inner-string Flat-Face Sealing Adapter ox EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment; the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
10 preferably comprises an annular member having suffkimt strength to carry the 
apparatus 700 into a new section of a weUbore, The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel dr 

modn^ in accordance In a preferred 

15 embodiment, the support member 760 commisesaconventkmal drill pipe available 
from steel T"fli« in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 766 preferably c om prisfts a 
20 spherical member having an outside diameter that is about 80 to 99* of the 
interior diameter of the tubular member 715 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the t eachings 
25 ofthe present disclosure. In a preferred exnbodiment, to 

a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions ofthe apparatus 
30 700. In this manner, the introdu^ 

iamimmized. Tnis minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after p^^'^nfrg the apparatus 700 
within a new section of a weEbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials ere located within the wellbore that might clog np the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 70S dining the expansion process. 

In a preferred embodiment, the apparatus 700 U operated substantially as 
described above with reference to Figs. 1-7 to form a new section «f —cmg ^fthin 
a wellbore, 

10 As ilmstratedmf^8>m alternate 

and apparatus described herein is used to repair an existing wellbore casing 805 
by forming a tubular Knar 810 inside of the existing wellbore casing B05. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the aKernative preferred embo^ 

16 material* can be oaed to expand the tubular hner 810 into intimate contact with 
the damaged section of the weDbore casing such as, for example, cement, epcucy, 
dag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 sreprefenmb/prrnddedalbothends 

to optimally provide a fluidieseel In an alternative preferred embodiment, the 
20 tubiilarlinar810is formed witb^ 
as thcwiisedto transport hydrocarbons 

in an overlapping relationship with the adjacent pipeline section, m this manner, 
undexgroond pipelines can be repaired without having to dfe^ 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herem is uiKrftodirectryu^ In a 
preferred einbedimenti an outer aiiiuu^ 

the tubulax liner 810aad the wellbore. In the alterna ti v e p r ef^ embodhnent, 
any luiamer of ftaidfc material 
50 mtimatecontart with the wellbore such as, fo^ 
or drilling mud. 



Referring now to Figs. 9, 9m, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wcHbore casing includes an expandible tubular 
member 902, a support member 904, an expandibtemandrdorpig906,aBda6hoe 
908. In a preferred embodiment, the design and construction ofthe mandrel 906 
5 and shoe 908 permits easy removal of those elements by drilling the^ 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation ofthe 
10 apparatus 900, the tubular member 902 is preferably extruded off of the mandrel 
906 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular croas^eectjan. 

In a par ticular ly preferred embodiment, an eipandahlft tabular member 915 
b coupled to the upper porfon Pl/Wfh* ^rpanriftM* tnhiilur member 902. During 
15 operation ofthe apparatus 900, the tubular member 916 is preferably extruded off 
ofthe mandrel 906 by pressurising the interior region 966 ofthe tubular member 
902. The tubular member 915 preferably has a substantially annular cross-section- 
In a preferred emb odiment, the wall thickness of the tubular member 915 is 
greater than the wall thickness of ths tubular member 902. 
20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mprhAniral properties as the tubular member 902, 
25 In a particular by preferred emba 

point ranging from about 40.000 to 135,000 psi in order to optimally provide 
epproxrmately the same yield p The tubular 

member 915 may comprise a plurality of tubular members coupled end to cad. 
In a preferred embodiment, the upper end portion ofthe tubular member 
30 915 inchides one or more sealing membera for optd^ 
gaseous seal with an existing section of weDbore casing. 



In a p r ef erre d embodiment, the combined length of the tabular members 
902 and 9 15 are limited to mi n i mtee the possibility ofbuckhng. For typical tubular 
member mntp ri nla , the oombined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 9 14 of the tubular member 902 ia preferably coupled to 

the shoe 908 by a threaded connection 968. The mtennediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
10 conventional oommerdaEy available materials audi aa, for example, oilfield 
tubulara, km alloy gtocla»t^^ In a preferred embodiment, 

the tubular member 902 ie fabricated firon oiffiekl tubular* in order to optimally 
provide anpr nrirnatpl y t he isrme mechanical properties aa tha tubular mmniM w Q| 
Inaparticuiarly preferred ezn^ 
15 point ranging from about 40,000 to 135,000 psi in order to optunalry provide 
approximately the same yield properties aa the tubular member 915. 

T^waUtiikknessoftheup^ 910,912 
and 914 of the tubular member 902 mny rang*, fAi-^nrmpU ^ m P ^ lt yi$ to j 5 
inches . In a preferred embodiment, the wall thirlnrw>fm of the uppgr, inten nediate, 
20 aiid lower portioD^ 910, 912 and 914 of 

1/8 to 1-25 in order to optimally prrmA* wnTI thyy^ fy^j ^ B bout the anme no 
the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portkm 9 14 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diaineteroftheup 
and 914 of the tubular mein^ 
inches. In a nreferred embodiment,^ 

and lower portiani, 910. 912 and 914 of the tahuto m«mW fl09 rang* f k™» 
30 3 V* to 19 inches in order to optimally provide the ability to expand the moat 
commonly uaad oflfieid tubulam 
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The length of the tabular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 

5 gnmna daJy available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
rnmpri Oil fodd Country Tubular Goods available from various U.S . steel nulla. 
The tubular member 9 15 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 preaentdiacloeure. In a preferred ernbodi^^ 

Oilfield Country Tubular Good* available from various UiL steel mills. 

The various elemmts of the tabular m 
numb er of conventional process such as, for example, threaded connections, 
welding or m from one piece. In a preferred embod imen t, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a phirality of tubular elements that are coopW 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

25 The support member 904 preferabry incl ud es an innerstring adapter 916, 

s fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support 

Hnrfag Tmyggmgnt of the apparatus 900 within a wcllbore. The support member 
904 preferabry has a substantially annular croes-aection. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oflfield 
tubulara, low alloy steel, coiled tubing or stainless steel In a preferred 



frmhorirmrnt , the rapport member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The irmerstring adaptor 916 preferably is coupled to and supported try a 
conventional drill string support from a surii^ location. The innerstring adaptor 
6 916 miry be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid p a ssa ge 918 is preferably used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicry coupled to the fluid passage 952. In aprefenedcmrx>dhneut, the fluid 
10 passage 916 is used to convey haitfanahlo fhridic tealing materials to and from the 
apparatus900. In a particularly preferred embodiment, the fhiid passage 918 m^y 
include one or more pressure reHef passages (not illustrated) to release fluid 
pressure dnringpos Hftm in g of the apparatus 900 within a weinx^re. In a preferred 
embodiment, the fluid passage 918 is positioned along a longitudinal centeriins of 
15 the apparatus 900. In a preferred -nKndhnmif f k» fluid imfpucp 916 io Delected 
to permit the conveyance of hardenable ftuidk materials at operating presEiires 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion crfth© support member 
904. The upper guide 920 pref^ly is ■ 
20 withina»tubularinamn^ 

of conventional guide members modifiai hi accordance with 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
mnerstringadapter available ^mHalnburton Energy 8«wPfl<Ti n ^w** .fR order 
to optimally guide the apparatus 900 within the tubular member 915, 
25 decoupling 922 couples the rapport member 904 to the mandrel 

coupling 922 preferably comprises a copventinnal thread^ wmniv^l^ 

Hie various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for emmple, welding, threaded 
connections or machined from one piece. In a preferred embodiment, the various 
SO elements of the support member 904 are coupled using threaded connections. 
The inandrd 906 preferabry incta 
expaiimon cone 928, a lower coiie retail 



934, en extension sleeve 936, a spacer 938, a housmg 940, a sealing sleeve 942, an 
upper corifi retainer S44, a lubricator mandrel 946, a lubricator ateeve 943 , a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the habr^ 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the hibricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the fafarinr region 072 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 

15 Injection Packer (SIP) cup. In a pr e fe rred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Services in Dallas, TK in 
order to optimally block foreign materials 

In a particularly prefer red embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular member 902 in on^ 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
n umber of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil baaed hibricants or Climax 1600 Antiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeize 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TK in 
order to optimally provide lubrication to fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932 , the lower guide 934, the exteiiskm sleeve 986, the housing 940^ 
the uppercone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiineut, a^ movant 
of the expansion cone 928 is prevented by the lower cone retah^ 930, houstng940 
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end the upper cone retainer 944. Inner radial movement of the expansion rone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferahfr ha* a substantially "inular eroag acctbn 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall t hi c k ness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches, hi a preferred embo dime nt, the wall 
thickness rftlie expansion coro 

to optnwdfy provide adeo^ Th e 
10 maximum and minimum outside di a mete r s of the expansion cope 928 may ran g e, 
for example 6x>mab<^ In a preferred embcdm^theinaximum 

and mmhxmm outside diameters of the expansion cone 928 range from about 3.5 
to lfl in order to optmiaUy provide exn^ 

The erpaTi won cone 928 may be fabricated from any number of con ventional 
15 commenaalfrsTOilab^ 

or low alloy steeL In a preferred einbodiment, «>» expanskra mn f 928 in fabricated 
from tool steel in orfer to optmuilry provide n^ 
The surface hardness of the outer surface of the expaas^ 
example, from about 60 Rockwell C to 70 ItoctofeHC. In a preferred em 
20 the surftce hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 
25 The lower cone retainer 928 and the 

housing940. In a p re fer re d embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 93Q haa a substantially fmrnilsr mm\ section 

The lower cone retainer 930 may be fabricated from any number of 
30 conventional commercially available materials such as, for example, «rr»Tn^ tn*i 
steel, titanium or low alloy steeL In a preferred embodiment* the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. Thesurf^hardaessoftiieaiiteTsarf^oftte 
lower cone retainer 930 may range, for example, from about 50 Eockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 EockweU C to 62 Rockwell C 

5 in order to optimally provide high yield strength. In a preferred embc^ 

lower cane retainer 930 is heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment; the lower cone retainer 930 awl the expansion 

10 cone 928 are formed as an integral one-piece element in GrdOT 

of components and increase the overall strength of the appa r atus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tufa 1 *** members 902 and 915. 

Ttebody of cement 932 is positioned withm the interi 

15 The bo4y of cement 932 provides an inner bearing structure for the mandrel 906. 
The boo> of cement 932 further may be easijy druledontiiamga conventional drill 
device* In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

Hie body of cement 932 may comprise any number of conventional 

20 conime mally available cement compounds. Alternatively, aluminum, cast iron or 
some other drillahla metallic, composite, or aggregate material may be substituted 
for cement The body rfcement 932 preferabr^ 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 During operation of the 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be febricated from any number of conventional 
commercially available tt>»*#**u such as, for example, o uneld tubulars, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 



The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a uKrrmg fi t 

The extension sleeve 9S6 is cotiptai to the lower guide 
940. Burin* operation of the arjparatua 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a snbstantialry annular croa»-sectkHL 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulare, low alky steel or stainless steel In a preferred embodiment; the 
10 extension sleeve 936 is fabrica^ 

high yieM strength. The ecterenxfacBof thn frrtenAm sleeve 936 prefernhly wmt^ 
with the inner surface of the tubular member 902 to provide a «Kiifr. g fit. faa 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimise the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a plug or dart can be co n ve y e d from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 baa * substantially annular croaa-eection. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum ox cast 
iron. In a preferred embodiment^ the in 
order to optimally provide drillability. The end of the spacer 938 preferably mates 
25 with the end of the extenaian tube 960. In a preferred embodiment, the spacer 
938 and the s e ai mg ale eve 942 are formed aaanintegral qt^poh element in order 
to reduce the number of components and increase the strength orymfas 
The romiaing 940 is coupled to the lower guide 934. extension aleeve 836, 
expansion cone 928, body of cement 932, and lower cone retainer 930. Daring 
30 operation of the apparatus 

motion of the p rp ansk m cone 928. Preferabry, the bousing 940 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubular^ low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength* In a 
5 preferred embodiment, a™ Ww^r guide 934, extension sleeve 936 and houamg940 
are farmed as an integral one-piece element in order to minrmii** the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment the interior surface of tb^ housing 
940 ft"**"*** one or more protrusions to fadHate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluminum in order to optimally provide drillability of the sealing sleeve 842. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one nr more protrusions to facIBate the co n ne ct ion between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimii a the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferabfy 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
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The upper cone retainer 944 may be fabricated from any nu mb er of 
conventional commercially available materials men as, tor example, steel, 
a luminum or cast iron. In a preferred embodiment, the upper cane retainer 944 
is fabricated from aluminum in crder to optunalfr provide 
6 cone retainer 944. 

Inapartiailarrynr^^ 
cross-sectional shape designed to provide increased rigidity. In a particular^ 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantia^ I-shaped to provide increased rigidity and rninimire the 
10 amount of material that wonJd have to be drilled ouL 
The fabricator mandrel 946 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tuboilar member 902. Preferably, the 
lubricator mandrel 948 has a substantially »™rr| « T croes-eection 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
ahjminmn or cast iron. In a preferred embodiment, ftff fabricator mmAi^ i 946 j p 
20 fabri cat e d from aluminu m in order to optimally provide drfflability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 928, theupper cone retainer 9^^ 
948, and the guide 950. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
fileeve 948 has a substantially annular croaa-tecticm. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional annmeraany available materials such as, for example, steel, 
aluminum or cast iron, In a preferred CTihodimpnt, the hibrkator sleeve 948 is 
30 fabricat ed from a lumimim in order to optimally provide disability of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the fabricator sleeve 948 is supported by the 
Lubricator mandrel 946. Tb* fabricator sleeve 948 in turn supports the rubber cup 
926. The retainer 924 couples the rubber cup 926 to the hibricator sleeve 948. In 
a preferred einbodhnent, seals 949a and 949b are provided between the lubricator 
5 mandrel 946, hibricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tabular member 902. 

The guide 950 hi counted to the lubricator mandrel 946, the retainer 924, 
and the hibricator sleeve 948. During operation of the apparatus 9O0, the guide 
950 preferably guinea the apparatus on the support member 904. Preferably, the 
10 guide 950 has a aubstantiaUy annular cross-section. 

The guide 960 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 960 is fabricated from aluminum 
order to optimally provide drillability of the guide 960. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 

the apparatus, the fluid passage 952 preferably c onv eys hard enable fraidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the center line of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fhridic materials at pressures 
20 aiid flow rale ranging from about 0 to 9,00^ galtondmin in order 

to optimally provide pressures airflow rate* to displa ce 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962 , and one or more 
outlet jeta 964. 

30 The housing 954 is coupled to the boo^ofcement 95^ and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the l o wer po r ti on of the tubular member 90 2 to the 
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iboe 908 to facilitate the mtn up mi and positioning of the tabular member 902. 
Preferably, the housing 954 baa a substantially armnW cross-sectioEu 

The bousing 954 may be fabricated from any number of conventional 
commercial^ available materials such as, for exampl e, steel or ahiminum In a 
5 preferred embodiment, the housing 954 is fabricated fam ahiminum in order to 
optimally provide drillahOity of the housing 854 

In a particularly preferred mnhodinrwmi, the interior surface of the houaing 
954indntooneormorepePtnx8to 
of cement 966 and the housing 954* 
10 The bo<fr of cement 956 is anmledtoto 
958. In a prefers embodiment, tn^ 

selected to permit the body of cement to be easfly drilled out using conventional 
drilling machines and pro ce ss es. 

The composition of the body of cement 966 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a dritlabk 
material such as, far example, ahiminum or iron may be substituted for t h e body 
of cement 956. 

The sealing sleeve 958 is coupled to the bwfr of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 968 preferably is adapted to convey a 
hardenablefluidic material ihmi the fhnd passage 952 into the fluid pas sage 962 
and then into the outlet jets 964 in ruder to inject **** horfl^nflbte fluidic material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, durmg operation of the apparato 

25 includes eji inlet geometry that p 

lodged m the irilet of the sealing In this manner, the finid passage 962 

may be blocked thereby fhiidk^ 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
30 ammlarcrue^aectia^ 

of conventional commercial^ available materials audi as, for example* steel, 
alumnnm or cast iron. In a preferred embodiment, the sealing sleeve 958 is 



.37- 



fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958. the fluid 
passage 962, and one ox more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fhiidic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the app aratu s 900, the sealing sleeve 960 further includes an inlet 

10 geometry thai permits a conventional plug or dart 974 to become lodged in the 
inlet of the seahng sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluididy isolating the interior region 968 of the tubular member 902. In 
a preferred embodiment, one end of the extension tube 960 mates wife one end of 
the spacer 938 in order to optimally faciiiate the transfer of material between the 

15 two. 

In a preferred embodiment , the extension tube 960 has a substantially 
anmilar cross-section. The extension tube 960 may be fab ricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from phw^imrm m order to optimally provide drillability of the 
eTtenrrion tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the e xt ensi on 
tube 960, and one or mare outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centeriine of 
the apparatus 900. In a pertioilarry preferred embodiment, the fluid passage 962 
is ada p ted to convey hardenable fluidic materials at pressures and flow rate 
ranging ftom about 0 to 9,000 psi and 0 to 3,000 gallona^mmm order to optimally 
provide fluids at operationally efficie n t rates. 

30 The outlet jets 964 are counted to the sealing alee^ 958, the e xtension tobe 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, theahoe 
908 includes a phirality of m 

In aprefeiTed embodiment 
the housing 954 and tbe body of cement 966 m order to simplify 
5 ofthe apparatus 900. 

The various elements of the shoe 9(»n^ 
conventional process such as, for example, threaded «mne cftma. cement or 
marhmpd from one piece of material In a pre f erred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiinent, theaa9emhlv9Q0 is operated iA«tjmtt.Tfr M 
desert above with 
weflboreartoreperfraweH 

In particular, in order to extend a wellbor* into a subterranean formation,, 
a drill string is used in a well known maimer to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a weHbore casing in a subterranean 
formation is then positioned in the new section of the weDbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918, The 
hardenable flnirtir arsKng miteris) thim peaseg from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable ffuidk sealing material than exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 end the interior wan of to 
weUbore. Ctantnmrfpranpingftft^ nnmonthc 
material to fill up at least a portion of the region- 

Tbe hardenable fluidic sealing material is preferab^ pumped into the 
30 annular region at pressures arid flw 

5,000peiand0tol^gallons/n^ In a preferred embodiment, the 

hardenable fluidic sealmgmater^ 
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and flaw rates that are designed for the specific wellbore section in order to 
optimize the displacement of the haidenable fluidic sealing material while not 
creating high enough circulating pressures Buch that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined tiring conventional empirical methods. 

The haidenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a pr e f e r re d embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimal^ provide support to 
member while also mamtamrng optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements ia preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the nrmnlar region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adequately filled with harderwhle fluidic 

sealing material, a phig or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fmidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, anon hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the phig or dart 974, or other similar device, preferahly is 
introduced into the fluid passage 962 by mtrodudng the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amount of cored material wi thin the interior of the tubular members 902 and 91S 

30 is minimised. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904, Billing this retro skin process, the shoe 908 is preferably 
substantially stationary. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

in traducing the ping or dart 9 74 into the fluid passage 918 at a surfire location in 
a conventional manner. The plug or dart 974 may comprise any numbe r of 
conventional commercially available devices for plugging a flu id passage such as, 
for example, Multrnle Stage Cementer (M9Q latch-down ping, Omega latch-down 
10 plug or three- wiper latch down plug modified in accordance with th* t^Mug* nf 
the present disclosure. In a preferred rmir^ 

a MSC latch^down phig available from Halliburton Energy Servicea in D a1l«« TV 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped Into the interior region 966 at 

15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gaUons/niin in order to oj^ 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 916 off of the expandable maiidrri wfflbegm wbenthep 

20 of the interior region 966 tee^^anproxiinate^SW) to 9,000 pA In a preferred 
embodiment* the extrusion of the tubular nien^bers902and9l5cffc^theniandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gmUtma/niinute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 expanded portions of the tubular members 902 and 915 at rates ranging; for 
example, from about 0 to 6 ft/sec. Inapreftrred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that tixnery adjustment of 
operating parameters during operation is prevente d. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surf^ 

915 will preferably contact the interior surface of the lower end portion of the 
nriffting casing to form an fluid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a preferred embodiment, the contact pressure of the overla^jmgjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
wm g »jt from app rnTimflti^y 400 to 10 r 000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 

10 the tubular member 915 and e^ 
compressive loads* 

In a pre f erred embodiment, the operate 
hardenable Acidic material will be controllably ramped down when the mandrel 
906 readies the upper end portion of the tubular member 9 15. In this manner, the 

15 sodden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be mhiimiaed In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% daring the end of the extru^ 

the mandrel 906 ha* aramleted approximately all but about the last 5 feet of the 
20 extrusion process. 

In an alternative preferred embod 
rate of the hardenable fluidk sealing material and/or the nun hardenable fhndic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock. 

25 AKernatrrely, or in combination, a shock absorber is provided in the support 

member 904 m order to absorb the shock ca^ 

Alternatively, or in combination, a mandrel cartelling structure is provided 
above the support member 904 in order to catch or at leaat decelerate tl» mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embaiimen^ either before or after the removal of the 
mandrel 90S, the integrity of the fluidk seal of the overlapping joint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the Guidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the unenred portion of any of the 
5 hardenable flnidic sealing material within the expanded tubular member 915 is 
then removed in a conventional manner, Ttw hanlanabte fluidic *™v™ g material 
within the annular region between the expanded tubular member 9 15 and the 
existing casing and new section of wallbcro is then allowed to cure. 
Preferably any remainmg cured harden 
10 the interior of the exramdedtu^ 

conven tion a l msmwr using a conventional drill string. The resulting new section 
of casing preferably includes 

outer annular layer of cored hardenable flnidic sealing material. The bottom 
portion of the apparatus 900 comprising the shoe 908 may tram be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment) during the extrusion process, it may be 
necessary to remove the 

to a malfunction. In this circumstance, a conventional drill string is used to drill 

out the interior sections of the appa^ 
20 the remaining sections. In a preferred embodiment, to ofthe 

apparatus 900 are fabricated from materials such as, for example, cement and 

aluminum, that permit a conventional drill string to be employed to drill out the 

interior components. 

In particular, in a preferred embodiment, the composition ofthe interior 
25 sections of the mandrel 906 and ahM 

cement 932, the spacer 938, the sealing sleew 942, the u^ 

the lubricator mandrel 940, the lubricator sleeve 948 f tta 

954, the body of cement 956, the sealing sleeve 958, axul tte extenaiim tiibem 

are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easuy removed from the 

wellborn. 
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Referring now to Figs. 10a, 10b, 10c, 10d, lOe, lot, and lOga method and 
apparatus for creating a tie-back liner in a wellbore wifl now be described. As 
illustrated in Fig. 10a, a weflbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first r*mng 1004 preferably includes a tubular liner 1008 and a cement 

annuhis 1010. The second casing L006 preferably includes a tubular liner 1012 
and a cement annuhis 1014* In a pref erred embodiment, the second casing 1006 
is formed by expanding a tubular member substantially as described above with 
reference to Figs. l*9c or below with reference to Figs. lla-llf 

10 In a particularly preferred emb odiment , an upper portion of the tabular 
liner 1012 overlaps with a lower portion of the tabular Kner 1008. In a particularly 
preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Kg. 10b, in order to create a tis4>adtlmer that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1 100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1185, one or more fluid passages 1140, seals 1145, and a 

20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
oontrollably expand in a radial direction. The pipandahle mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 modified in accordance with the tea ching s of th* prtmmt disclosure- In a preferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in VS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified m accordance with the t eachings of the 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 

mandrel 1105. The tabular member 1105 is expanded m the radial direct 
extruded off of the expandable mandrel 1105. The tubular member 1 1 10 may be 
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fabricated from any number of material* such as, for example, Oilfield Country 
Tubular Goods, 13 chroma In apreferred embodiment, 

tha tubular nnmber mo i 

The inner and outer diameters of the tubtdarniember 1110 range, 
5 example, frronaRTOximate^ 
In a preferred embodiment, the inner andootcr diameter* of the tubular member 
1110 range from about 3 to 15.6 inches and 3J5 to 16 inches respectively in order 
to optimaljyprovide coverage for typical oilfield casmgaifes. The tubular member 
1110 preferably comprises a solid member 
10 In a preferred emhoriimmit, the upper end portion of tha tabular member 

U10 ia slotted, perforated, or otherwiae modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 ia lim it e d to 
minimise the possibility of buckling. For typical tubular mimibexlllOmatexiala, 
16 the length ofthe tubular member 1110 ia preferab^lindted to between alxmt 40 
to 20,000 feet in length 

Theaboe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1116includes the fluid passage 1135. The shoe 11 15 may 
comprise any number of conventional commercially available shoes euch as, for 
20 example, Sm^Seainiloatah^ 

with a sealing sleeve for a latch down ping modified in accordance with the 
t ^arbin g B of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluininum down-jet guide shew with a sealing sleeve for a btch-^wn 
plug with side ports radiating off of the extt fkm port available fir>m Halliburton 
25 Energy Servkses to Ddlaa, 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012,^ 
isolate the interior ofthe tubular member 1100 after the latch dewn plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
30 expansion and cementing operations. 
In apreferred embofimim^ 
ports 1140 in fluidic communication with the fhad passage 1135. In this manner, 
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the shoe 11 15 injects hardcnable fluidic waling material into the region cmtaide the 
shoe 1115 and tubular member 11 10. In a preferred embodiment, the shoe 1115 
includes one or more of the Quid passages 1 140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed ofl^mtroduringaphig t da^ 
the fluid passage 1130. 

The cup seal 1 120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 11 10 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
such as, for frrmnpli^ TP cupe or Selects 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SEP cup, available from Hallib urton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1 150 and the expandable mandrel 1 105. The fluid passage 1130 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerhne of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 galkms/mmute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 permitaflnkii 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 

30 from the region exterior to the tabular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that pennte 

passages 1140 to thereby block farther passage of fhiidk materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be ftuidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior re^ 
thft expandable numrirri 1 \(\R to be pfwiH 

The fluid passages 1140 are preferab^pocitioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey materials 
10 sucn as cement, drilling n^ 

about 0 to 8,000 galkmaAnmuta and 0 to 9,000 pet fat order to optimally fill the 
annular region between the tubular member U10 and tte 
fluidic materiala In a preferred embodhnen^ 

inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by fotroducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus HOP includes a plurality of fluid passag e 1140. 

In an alternative embodiment, the base of the shoe 1 1 16 includes a single 
inlet passage coupled to the fluid passage* 1 140 that is adapted to receive a phi£, 
20 or other amnlar device, to pexm^ 

to be fluidiejy isolated from the exterior (rf the tubular meniber 1110. 

The seals 1145 are coupled to and supported by a krwer end portion of the 
tubular member 1110. The seab 1145 are farther pc^ 

of the lower end portion of the tubular member 1110. The seals 1145 permit the 
25 overlappingjoint between the upper end portkm of the 

end portion of the tubular member 1110 to be fhiididy seeled. 

The seals 1145 may comprise any number rf conventional commercially 

available seals such as, for example, lead, rubber, Teflon or epccry seals modified 

in accordance with the teachings of the present disclosure. In a preferred 
30 embod intent, the seals 1145 comprise seals molded from Bfaatalock epoxy av afl ab le 

from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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h^ydraudfoBeelmthficrorlappm 

to withstand the range of typical tensile and compressive loads* 

la a preferred embodiment, the seals 1 1 45 are selected to optimally provide 
a sufficient fSrictionalforce to support the expanded tubxiIarinepAerlllOfrom the 

5 tubular liner 1008. In a pref erredembodiment, the fric ti on s ! force provided by the 
seals 1145 ranges from about 1,000 to 1,000,000 M in tension and compression in 
order to optimally support the expanded tubular member 1110. 

Die support member 1160 is coupled to the expandable mandrel 1105, 
tubular member 1110, dice 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 intoth* weHbore 1000. In a preferred embodiment , the support 
member 1150 farther includes one or more co nv e n tional centralism (not 
illustrated) to help stabilize the tubular member 1110. 

In a pre fe rre d embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Lubriplate, chlorine based hibricantsor Climax 1500 AntiaeiieOlOO). 

20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiseize 
(3100) available from CUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process- 

In a preferred embodiment, the support member 1 150 is thoroughly rimnfd 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the introduction of forefgn material into the apparatus 1100 Ismfriimitftri 
This ™nW«Hi the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly pref erred embodiment, the apparatus 1100 includes a 

30 packer 1155 coupled to the bottom section of the shoe 1115 for ftiidkly isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fhndk 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may co mp rise any number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a drfllable cement retainer. In a preferred embodiment, the packer 
1165 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas* IX In an alternative embodiment, a high gel itrength pill may be set 
below the tie-back inplaceofthe packer 1155. In another alternative embodiment, 
the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weDbore 11 00, a couple of weHbore volumes are circulated in order to 
10 ensure that no foreign materials are located within the weflbcre 1000 that might 
clog up the various flow passages and varies of the apparatna 1100 and to ensure 
that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Kg. 10c, a hardenable fhndk sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1 140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Contfrmfld pumping of the material 1 1 fiO nmmi thn irmtwrinl 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped mtn tlw Armnlfl Tn^nn at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gaMonatein, r espec tiv ely. In apreferred embodiment, the material 1160 is pumped 
into the annular region at pressures and flow rates fpeciScalJy designed for the 
casing sizes being run, the annular spaces being filled, fee pumping equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 The hardenable fluidie sealing material 1160 may ecmpri^ 

conventional cozmnercialty available hardenable flnidic ~-Kn g materials audi as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



-49- 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, IX in order to optimally provide proper support for the tubular 
member 1110 while mamtaining optimum flow rhaiTirterirtipK so as to minimize 
5 operational difficulties during the displacement of cement in the nnnnlnr region. 
The op timum blend of the blended cements are prefer ably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular m e m ber 1110, the 
10 annular region will be filled with material 1160. 

An nhlOftfltrrrt m Fig ] *H. «rmTil«y »»pnrri h** ham aA*piatpfr fillpH 

with material 1160, one or more plugs 1166, or other similar devices, preferably 
are introduced into the fluid passages 1140 thereby Quidicly isolating the interior 
region of the tubular member 1110 from the annular region external to the tubular 

15 member 1110. In a preferred embodiment,^ 

is then pumped into the interior region of the tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. In a particularly preferred 
embodiment, the one or more phigB 1 166, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the nan hardenable fluidk 

20 material In this manner, the amount of hardenable flnidic material within the 
interior of the tabular member 1110 is minimised. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, the expandable mandrel 1105 is raised out of 

25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 fay 
introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commerciaUy available devices from plugging a fluid passage such as, for example, 

30 brass balls, pmgs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a p re fer r ed embodiment* the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1166 comprise a single latch down dart 

After p l a cement of the plugs 1165 in the fluid passages 1140, the non 
6 hardenahle fluidfc material 1161 is preferably pumped into the interior region of 
the tubular member 1U0 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min. 
In a preferred embodiment, after placement ofthe pings 1165 in the fhndpassa^ 
1140, the non hardenahk fluidic material 1161 is preftrably pumped into the 
10 interim: regkm of the tabular member 1110 below the mandrel 1105 at pleasures 
and flow rates ranging from appmiimatefr HOP to 8500 psi and 40 to 1250 
gallona/min in order to optimally provide extrusion of typical tuhnlnTw 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
15 interior region of the tubular member 11 10 below the mandrel 1 105 reaches, for 
example, approximate^ 1200 to 8500 pal In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 pat 
20 During the extrusion process; the expandabkmawlrd 1105 may be raised 
out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec Inapreferred embodiment, duringthe extrusion 
process, the expandable inandnd 1105 k ofthe expanded portion of the 

tubular member 1110 at rates ranging from about 0 to 2 ft/sec in order to optimally 
25 provide permit adfriatanent of operational parameters, mri np tim»T1y ensure that 
the extrusion process wDl be completed before the material U60 cures. 

Inapreferred embodiment, at least a portion 1180 of the tubuto 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner , when the mandrel 1105 expands the section 1 1 «> the tabular 
30 member I110,atleast a portion of the expanded section 1180 effects a seidwito 
at least the weffl>orecaaingl01i Inaparttailerfrp^ 

is effected by compressing the seals 1016 between the expanded section 1180 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
caamg 1012 ranges from about 600 to 10,000 pd in order to optimally provide 
pressure to activated imd provide optimal 

5 eninire that the joint wfflw^ 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 11 10 has an mternal diameter less than t^ 
diameter of the mandrel 1105. In this manner, extruiion of the 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the conteet pressure of the joirf 
member 1110 and the casmgs 1(X» 

in order to optimally provide pressure to activate the sealing members 1 145 and 

15 provide optimal resistance^ 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion tfthet^uhu- member 1110. In this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1106 can be minimised In a 
preferred embodiment, the operating pressure of the Guidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximate^ aD but aJtaut 6 €^ 
AlternatrfiOy.ormcimmm^ 
member 1150 in order to absorb the shock caused by the sudden release of 

pressure. 

Alternatively, or in combination, a mandrel caUmmg struct^ Is provided 
30 m the npper end portion erf to 
decelerate the mandrel 1105. 
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Referring to Fig. 10f f once the extrusion process is mtnrH-^ ^ 
expandable mandrd 1105 is removed from the wellbare 1000. In a preferred 
embodiment, either before or after the removal of the expendable mandrel 1105 r 
the integrity of the fiuidk seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fhridic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular finer 
1 008 is satisfactory, then the uncured portion of the material 1 160 within the 
expa nd e d tubular member lllOis thearemoved in a conventional manner . The 
10 material 1160 within the annular region between, the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. !(£ preferably any remaining cored material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner uainga conventional drill string. The resulting tie-back liner 
15 of casing 1170 includes the erpemded tubular member 1110 end an outer annular 
layer 1176 of cured material 1160. 

As illustrated in Fig. 10& the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1156 is then preferably removed by 
drilling out the shoe 1115 and packer 1166 using conventional drilling methods 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment ofanar^aratos and method 
for hangmga tubular liners 

As illustrated in Kg. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1505, The wellbore HOP inclndea an criatingcaaed section ^10 hav^g 

a tubular casing 1216 and an annular outer layer of cement 1220, 
In order to extend the wefibore 1200 bito 

a drill string 1226 is used in a wall known manner to drffl out matcn^ 

subterranean formation 1206 to form a new Bectkm 1280. 
30 AsiiruatratedinFig. lib, en apparatus 1300 for for^ 

in a subterranean formation is then poattkmed in the new section 1230 of the 

wellbore 100. The apparatus 1300 preferably includes an expandable mandrel or 
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pig 1305, a tabular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper plug 

1350. 

The expandable mandrel 1305 Is coupled to and supported by tbe support 
5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. Hie expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, *h» ^prnduMe mandrel iflQfi comprises a hydraulic «*p*n*inn tnoi 

10 substantially as disclosed in ILB. Pat No. 5,348,095, the disclosure of which is 
inco r p orat ed herein by reference, modified in accordance wife the teachings of the 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tabular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner aiidoiito diameters of the 

20 exanrple, from approximate^ 

In a pretend embodiment, the inner and outer diameters of the tabular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to optimally provide minimal teteacopSngeffect in the most commonly encountered 
wellbore asxea. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the wall th^^ 

1355 of the tubular member 1310 range from about 3/8 to 1 % inches and 3 to 
16 inches, respectively. In a preferred embodiment, the wall thirlmpft* and outer 
30 diameter of the intermediate portion 1360 of the tubular memb er 1310 range from 
about 0.625 to 0.76 inches and 3 to 19 inches, respectively. In a prefer red 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 



• 54- 



the tabular member 1310 range from aboat 3/8 to 1.5 inches and 3,5 to 16 inches, 
respectively. 

In a particularly preferred embedment, the wall thickness of the 
intermediate section i860 of the tabular member 1310 is leaB than or equal to the 
5 wall th i ckness of the upper and lower sections, 1355 and 1365, of the tubular 
member 1 31 0 fa order optimally fr-fli*** flm ^thf fitnimon procogc 

and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearance* 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1355 of the tabular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the eatamum of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to the 
possibility of buckling. Fortypical tubular member 1310 materials, the length of 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down phig in accordance with the teachings of 

the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet gnld» wK» with a — »Hngni««w»farji latch-down rhiga r* 1111 ^ 1 * 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings ofthe present disclosure, in order to optimally gnlde the tubular member 
1310 into the wellbore 1200, optimally fhridfcfcr isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1316 upon 
the completion of the extrusion and cementing operati ons 

In a preferred embodiment, the shoe 1315 further includes one or more side 

30 outlet porta in fluidlc coniTmnrication with the fluid passage 1330» Inthismanner, 
the shoe 1315 preferably hyfecta hardenahlg fWfr material into the region 
outside the shoe 1315 and tubular member 1310, In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a floidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits floidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expendable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 aixi the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandable mandrel 1306, The fluid passage 1320 is preferably positioned along 
a centerhne of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallonatainnte and 0 to 9,000 pai in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In t his mann er, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1805 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 
The fluid passage 1330 is preferably selected to convey materials such as 
drilling mud or epoxies at flow rates and p* e asm es ranging from about 0 

30 to 3,000 gallonstohrote and 0 to 9,000 psi in order to c^tnnatiy All the annular 
regionbetwecnthetnbnligm 

1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart azid/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed off by iiitroduc^ 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1386 is coupled to and positioned within the shoe 1315 in fluidic 
comnmniratkm with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantial^ along the ceiiterline of the apparatus 1300. Tie fluid 
passage 1335 is preferably selected to convey inaterials such as cement, drilling 
10 mud or eposes at flow rates and pressures ranging from about 0 to 3,000 
gaUona/mhmte and 0 to 9,000 pd to order to optimally fin the annular region 
between the tubular member 13tf 
with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end po 
15 of the tubular member 1310. The seals 1340 are farther positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluididy sealed. The 
seals 1340 may comprise any number of conventional coinmercially available seals 
20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachings of the present disclosure. In a preferred emhodiment, the seals 
1340 comprise seals molded from Btratalock epoxy available from Halliburton 
Energy Services m Dallas, TXm order to 
annuhis of the overlappmgjoint white also creeihigoptim 
25 to withstand typical tensile and compressive loads. 

In a preferred embodiment, the seals 1 340 are selected to opttaaUy provide 
a sufficient frictional force to support the expended tubular member 
existing casing 1215. In a preferred emboo^ 

the seals 1340 ranges from about 1,000 to 1*000,000 Ibf in order to optimally 
30 support the expanded tubular member 1810. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1316, and seals 1340. The support member 1345 
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preferahly comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embedment, the support member 1345 further includes one or more conventional 
centralixers (not illustrated) to help stabilize the tubular member 1310. 
5 In a preferred einbodini^^ 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner, the inirod^ 

This ramimizes the possibility of foreign material clogging the various flow 
passages and vaNea of the ar^aratus 1300 and to ensure tha* to 

10 interferes with the expe^ision process. 

The wiper pl ug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 example, Multiple Stage Cementer latch-down progs, Omega latch-down plugs or 
three-wiper Latch-down plug mn^^f»*d in accordance with the t eachings of the 
present disclosure. In a preferred embodiment, the wiper plug 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 
In a preferred embedim 
withm the new section 1230 of tte 

circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As ahiatrated in Fig, lie, a hardenabte flnidic RPtlmgrnaterial 1380 is then 
pumped from a surface location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, through the fhiM passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then p 

the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tulralarinexnberlSlO 

1200. Continued pumping of the material 1380 caiises the material!^ 
at least a portion of the annular region 1890. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gnllona/mfn, leapcctiver/. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallona/min, reapecthrery, in order to optimally 

10 fiU the aniiriar region between tta 
cif the wellbara 1200 with th^ 

The hardenable fluidic aealing material lSdOmaycxtmprideanyriiiinberof 
conventional commercially available hardenable fluidic aealing materials such as, 
for example* slag mix, cement or epaxy. In a pr e fer red embodiment, the 

15 hardenable fluidic aealing material 1380 comprises blended cements Hp»g™>H 
specifically for the well Bection being drilled and available from 
Services in order to optimally provide support for the tubular member 13 
displacement of the material 1380 in the annular region 1390. The optimum blend 
nf th* eement fn^farMy dete rmined wrrg ronwnti^nal * Tw p^f ?cg l methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities upon Trffiftl —pr^ fim 1 ^the tobu wm»w 

1310, the annular region 1390 of the new section 1230 rfthewem>ore 1200 wffl be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other statfar device, b 

into the fluid passage 1320, The wiper dart 1395 isr«ferabry pumped throu^ the 
fluid passage 1320 by a non hardenabk fluMic material 1381. The wiper dart 1395 
then preferably engages the wiper phig 1S60. 

As illustrated in Pig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1350 causes the wi 

from the mandrel 1305. The wiper dart 1395 and wiper phig 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and ftaidkfr isolating the interior region 1370 of the tabular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently prewurited, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusion process, the FTpartrinhie mandrel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1895 into the fluid passage 1320 at a surface location 
in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional cominerdallyavai^ 

for example, Multiple Stage Cementer latch-down plugs. Omega latch-down phifes 
or three wiper Latch-down phig/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodhnent, the wiper u 

a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 13 30 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 maybe pimped into the 
interior region 1370 at pressures and flow rates ranging; for example, from 
approximately 0 to 6000 psi and 0 to 1,600 galtons/min in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 
25 1310 is minimised 

In a preferred embodiment, after blocking the fluid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates ranging from approximatdyoW to 9,000 psi and 
40 to 3,000 gaDons/min in order to optimafly provide operating pressures to 
30 maintain vrpnruArm process at rates sufficient to permit adjustments to be 
made in operating parame ters during the extrusion process. 
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For typical tubular members 1310, the frtmmrm of the tubular member 
1310 off of the expandable mandrel 1305 win begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9 r 000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a Amction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tubular member, and the yield strength of the 
tubular member. He optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 
10 During the extniskm process, the expendable mandrrf 1305 may be raised 

out of the expanded portion of the tubular number 1310 at rates ranging; for 
example, from about 0 to 6 ft/eea In averred embodiment, during the ex 
process, the expandable mandrel 1305 maj be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 
15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, end ensure optimal completion of the extrusion process 
before curing of the material 1380. 

Whan the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1S05, the outer surface of the upper end portion 
20 1355 ofthetulnilar member 

lower end portion ofthe casing 1215 to tern an fhiid tight overlapping joint Tim 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 
25 optimally provide contactpressnre niffioigrt to mmr* ammUr «polm g ^ provide 
enough resistance to withstand typical tensile and compressive loads. In a 
particularly preferred emhorirnirnt, the sealing members 1340 will ensure an 
ade q u at e ftuidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operating preaaure and flow rate of the non 
30 hardfflahlft fhiidirmaterial 1381 is opntrallahfr ramped down wHat* o^^Ma 
mandrel 1305 reaches the upper end portion 1355 of the tu^ 
In thfa manner, the sudden release of pteBsam eaoaedly the complete eactrosion 
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of the tubular member 1310 qff frf t*"* «»rpr~* «>iUwmnHml 1305canbenmiraited. 
In a preferred embodiment, the operating pleasure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Mtgrnativftly, ^» f^nKinptinn n nhnrk nhflorher is provided in the support 
member 1345 in order to absorb the shock caused by the sadden release of 
pressure. 

Alter nativ ely, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1865 of the tubular member 1310 m order to cntA 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodime^ either 
the removal of the expandable mandrel 1305, the integrity of the fhiidic seal of the 
15 overlappingjcdnt between the upper portion 1355 of the tubular m ember 1310 and 
the lower portion of the casing 12 15 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 13 55 of the tubular 
member 1310 aim the bww portion 
uncured portion of the mate^ 
20 is thenTPmcYPd in a rnTrrmti^pp 1 Thu mafcerisl 1380 within thft annular 

region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded 

layer 1405 of cured material 305. Ttm bottom portion of the apparatus 1300 
comprising the shoe 1315may then be lemovedby drilling out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 formation has been described that in^ 

in the borehole. Abody of fluidic material is then injected mto the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 



The injecting preferably includes injecting a hardenable fiuidic sealing material 
into an annnlar region located between the borehole and the exterior of the 
tubular liner; and a non hardenahle Bridie material into an interior region of the 
tubular liner below the mandreL The method preferabfr includes fluididy 
5 i s olat i n g the annular regkm from the interior region before injecting the second 
quantity of the nan hardenahle sealing material into the interior region. The 
injecting the hardenahle fiuidic sealing material is preferably provided at 
operating pressures and Act 

gaBons/min. The injecting ot the non hardenable fhiidk material is preferably 
10 provided at o peratrn gp r e asnre s and flow rates ranging from about 500 to 9000 psi 

and 40 to 3,000 gallonVmfTt The injecting cf the n<xi hard 

is prelerabry provided at redu^ ^ 

portion of the extruding. Ths non hardenahle fluidk material is preferably 

injected below the mandreL The method preferabrymdndtt 
16 ofthe tubular Knar below the mandreL The region of the tubular liner below the 

mandrel is preferably pressurized to pressures ranging 

The method preferably m rhide n fiui dic r y isolating an interior regkm ofthe tubular 
liner from an exterior region ofthe tubular liner. The method further preferably 
includes curing the ha 
20 ofthe cured sealmgn^teriai located within the tabular hncr. The method ftrrther 
prtrferabryinclndes 

The method further prafe^ly includes sealing the overlap between the tabular 
lmer and the existing wellbc^ The method further preferably includes 

supporting the extruded tubular liner using the overlap with the existing wellbore 
25 casing. The method mrtherpreferB^ 

the overlap between the tubular liner and the easting wellbore casing. The 
method flirtherprefara^ 

fluidfcsealingmat The method ftrrther 

preferably includes lubricating the surface of the mandreL Thentethodfuiiher 
30 preferably includes absorbing shock. The method ftirther preferably includes 
catching the mandrel upon the <*rnipi»tHrp «f tV »r»m,i™ g 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support memb er, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and incrudea a second fluid passage. 
6 The tabular member is coupled to ta^ 1^ shoe is coupled to the tubular 

Ihwai^dinchxdea a third fku^ passage The first, second and third fluid passages 
are operably coupled. The support member preferably further Includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
presage relief passage* The support member further preferably includes a shock 
10 absorber, TTae support member preferably include* one or more sealing members 
adapted to prevent foreign material from entering an nitertoregto 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials selected from the group insisting of Oilfiold 
Country Tabular Goods, 13 chromium steel tubingfcasing, and plastic casing. The 
15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3.6 to 16 inches, respectively. The tubular member preferably 
has a ptaaticyield point ranging n^m about 40,000 to 135,000 pal The tubular 
member preferably includes one or more sealing members at an end portion- The 
tabular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for sloping down themandreL The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a prog for 
blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping rel atio nship, pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 second tubular niinnber off of 

member. The pressurizing of the portion of the interior region of the second 
tubular member is preferably provide 
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600 to 9,000 psL The pressurising of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. The method farther pi^ferably includes 
sealing the overlap between the first and aecaul tubular member Hie method 
6 further preferably iu s hiriffi supporting the extruded first tubular member using 
the overlap with the second tubular member. The method farther preferably 
includes lubricating the surface of the mandrel The method farther preferably 
includes absorbing shock. 

A liner for uae in creating a new sectm 
10 formation adjacent to an already existing section erf weBbore casing has been 
described that includes an annular member. The annular member indudea erne or 
more sealing members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 annular body of a cured fluidic srciliiig materiaL Thetubularliner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular Knar The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of ixtfect^ 

region external of the tubular liner. During the pressurizing, the interior portion 

of the tubular liner is pxefere^ 

tubular liner. The interior portion erf the tubule 

to pressures ranging from about 500 to 9,000 pat The tubular liner preferably 
25 overlaps with an existing weJIbra Ti* weHbore casing preferably farther 

includes a Baal positioned in the overlanbiilPFeaii tha tabular lm»r <md *w***r> E 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a waHbore casing within a 
SO borehole has been described that inrJ wW in«fa»iKn g ■ ^^flur liner and a mandrel 
within the wellbore casing; i njecting a bcx^y of a fl nid ir , ra flte r ial Into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 
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P^ri drng the Hner in the borehole by extruding the liner off of the mandrel. In 
ft prefab embodiment, +h» flnidic material is selected from the group consisting 
of slag mix, cement, drilling mud, and cpoxy. In a preferred embodiment, the 
method further includes fhiididy isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injqftiTtg (rf th» l*^*™^'* i * pfmrvidgd «t opjiratmg pressure* and flow 

rates ranging from about 500 to 6,000 psi and 40 to 3,000 gallons/min. In a 
preferred embodiment, the injecting of the body o f fluidic material is provided at 
reduced operatmgpressuxesairi 
10 In a pirf e r rft 1 fluidic material is injected below the mandreL In 

a prefer red embodiment, a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tabular hner below the 
mandrel is pressurised to pressures ranging firom about 500 to 9,000 psL In a 
preferred embodiment, the method further include* overlapping the tubular liner 
15 with th» ^«i^g wJlhorft rasing. In a preferred embodiment, the method farther 
includes sealing the interfere between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method ftirther includes supporting the 
extruded tubular liner using the existing wellbore easing. In a preferred 
embodiment, the n^ 
20 interface between the tabular liner and the existing weHbore casing. In a 
preferred — »imiifan«mt method ftirther includes lubricating die surface of the 
mandrel In a preferred embodiment, the method farther includes absorbing 
shock. In a preferred embodiment, the method ftirther includes catching the 
ma nd rel upon the completion of the extruding. In a preferred embodiment, the 
26 method further inrfrn*»« expanding the mandrel in a radial direction. 

A tie-back Hner for lining an existing wellbore casing has been described 
that includes a tabular liner and an annular body of a cured fluidic sealing 
material The t\ifrr ilqr nr**** ™ farmed by the process of extruding the tubular liner 
off of a mandreL The annular body of a cured fluidic sealing material is coupled 
30 to the tabular liner. Ina preferred embodiment, the tabular Imeria formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior porticmofthe tubular liner, fa a preferred embodiment, 
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durir^ the pressurizing, tte 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion ofthe tubular liner b 

500 to 9,000 psL In a preferred embodiment, tha annular body of a cured ffuidic 
5 sealing material is fomed by the p 

sealing materi al into an annular region between the frrta±mg wellbore casing and 
the tabular Goer. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. Iti * preferred wmW^^^nt, thft tir-back liner 
further includes a seal positioned in the overlsp between^ 
10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellxire 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. Tie 
support member includes a first fluid passage. Tha mandrel is coupled to the 
15 support member. The mandrel mchidefl a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandreL 
The shoe is coupled to tha tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member ^"wpiffB a drillable body. 
Preferably, the interior portion of the shoe indoles a tubular m 
bearing member. Preferably, the load bearing member comprises a d rillab le txxry 
Preferably, the exterior portion of the mandrel comprises an expansion cone 
Pref^ry, the expansion cone m 

c onsis t ing of tool steel, tttaninm, and ceramic. Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

A l t hou gh illustrative embodiments of the inventing have been shown and 
described, a wide range of modification changes and substitution la contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 

Accordingly, ft is appropriate thai the appended 

in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tabular liner and a mandrel in the borehole; 

4 injecting finidic material into the borehole; 

5 pmrai ri nng a portion of an interior region of the tabular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 
r extruding at least a portion of tiie liner off of the mandreL 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casin g, 

3 O OP IpBBSmg? 

4 drilling out a new section of the borehole a4jw«nt to the alreatfy existing 
6 easing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 Onldkfriaolating the annular regkmbet^emthetubularlinerandtheiiw 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenable ihiidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular Hnar off «f thit expandable msntfrel; 

17 sealing the overlap between the tubular liner and the already existing 

18 **mngi 

IB supporting the tubular liner with the overlap with the already easting 

20 casing; 

21 removing the mandrel from the borehole; 



testing the integrity of the seal of the overlap between the tabular liiw and 



23 the already existing casing; 

24 removing at least a portion of the hardenable fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at kast a portion of the cured fluidic hardenable sealing material 

29 within the tubular liner. 

1 3. An apparatus tor npMirimg a tabular member, comprising: 

2 m support member, the support men^ 

3 a mandrel coupled to the support member, the mandrel i n cludin g: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubu^ 

7 wherein the first, second and third fluid passages are operab ly coupled. 

1 4, An apparatus for expanding a tubular member, comprising: 

2 a support member, the support member i ncluding . 

3 a first fluid passage ; 

4 a second fluid passage ; and 

5 a flow control valve coupled to the first and second fluid passagea; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel mending a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular xnemberconpled to the 

10 one or more sealing dements; 

11 a shoe coupled to the tubular member, the shoe i ncludin g: 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member; and 

14 one or more exhaust passages counted to the fourth fhrid passage fbr 

15 injecting fluidic material outside of the shoe ; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 
IS interior regHmcf the tubular member. 

1 5. A method ofjoining a aecond tubular member to a first tubular member, the 

2 first tabular member having an inner diameter greater than nn pater diameter pf 

3 the second tubular member, comprising: 

4 po s i tionin g a mandrel within an interior region of the second tabular 

5 member; 

6 preasuriring a portion erf th^ 

7 and 

8 extruding the aecond tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising; 

2 an annular nmmhi^ fhp an n ula r ww"^ fnoimtiwg - 

3 one or more sealing members at an end portion of the annular 

4 member, and 

5 one or ixmre pressure relief passages^ 

6 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner foamed by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 an annular body of a cured fhiidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubularmieroff of a mandrel; and 

4 an annular body of a cured fluidk sealing material coupled to the tubular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member mduding a first Quid passage; 

3 a mandrel coupled to the tupport member, the mandrel mduding: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe mduding: 

10 a third fluid passage operably coupled to the aecand fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wterein the interior portion of the ahoe is drillable. 
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